ABSTRACT.
The fine structural localization of albumin in rat liver paren- Secretory proteins are synthesized on membrane-bound polyribosomes and are transported to the Golgi complex where they are condensed and packed into the secretory granules (25) (26) (27) (28) . The intracellular pathway in the liver of the secretory proteins, mainly albumin, has been the subject of intense research. Albumin is synthesized primarily on membrane-bound polyribosomes (15, 35, 42, 44, 47 , 51) with a pre-piece N-terminal extension (52) and is segregated as the precursor form, pro-albumin, in the lumen of the endoplasmic reticulum (ER) (9, 29, 50) . Pro-albumin is transported to the Golgi apparatus (16, 17, 44) , where it then is packed in the secretion granules. Late in this secretory process, pro-albumin is converted to serum type of albumin by proteolysis (22, 30) .
Current theories on the exact route taken by secretory products through the Golgi apparatus (10, 11, 36, 49, 54) contain the secretory products bud from the transitional element of the ER, enter the Golgi complex on the cis side and cross each cisterna, eventually reaching the condensing granules on the trans side (10, 11, 36, 49, 54) . Although bypassage of Golgi saccules and direct transport to the trans side has been suggested (33) , there is little published morphological evidence to support this possibility. Immunocytochemical localization of albumin has provided detailed information on the intracellular pathway of secretory proteins in the hepatocytes (5, 24, 53, 56) . Of the various immunoelectron microscopy techniques used to determine the intracellular localization of antigens, the gold labeling of ultrathin sections is probably the most elegant approach (5, 53) but it lacks the sensitivity provided by the intensification of peroxidase-labelled antibodies that is the main advantage of the pre-embedding technique (56). This latter technique, however, has the disadvantage of limited penetration of the labeled antibodies into the sections. Although use of detergents facilitates penetration, there usually is structural damage to delicate organelles such as the Golgi complex. We have developed a modified technique that uses very mild fixation and a mild detergent (Triton WR 1339) to determine localization of albumin and have used it to investigate in detail the transport of albumin from the ER to the Golgi apparatus. on the trans side ( Fig. 5a-d) ; this was independent of the presence or absence of albumin. In addition, small protrusions from Golgi elements that were seen on one section were absent from the next section of the series but new protrusions appeared in other portions. This suggests that these protrusions resulted from the fusion or fission of transport vesicles with Golgi elements. Furthermore, some secretion granules on the trans side were interconnected through fine tubules that had a diameter that were less than the thickness of the serial sections ; therefore, there was interconnection of the secretion granules in one section but not in the corresponding portion of the next section.
DISCUSSION
The poor penetration of labeled antibody into sections is an inevitable problems of pre-embedding immunocytochemistry. Although many attempts have been made to solve this problem, no really good techniques have been established. We have developed a modified technique that uses mild fixation and a mild detergent (Triton WR-1339), with which to determine in detail the intracellular transport of secretory proteins.
We previously reported that there is segmental staining for albumin in the rER (56), and in study reported here we found it once again (Fig. 2) . After mild treatment of the fixed sections with Triton X-100, diffuse albumin staining remained in segments of the cisterna of the rER. In addition, many of the smooth terminal dilatations of the rER and small vesicles in the cytoplasm (especially around the Golgi complex) contained no reaction deposits (Figs. 2, 3) . Even with the excess permeation produced by Triton WR-1339, these structures remained negative, whereas the positive vesicles and dilatations showed the diffusion of albumin. Therefore, we believe that the segmental staining in the rER and the selective staining in the vesicles are not artifacts; they represent the actual localization pattern of albumin in these organelles.
The localization pattern of albumin in the rER has been reported for ultracryosections stained for albumin (5, 32) . This pattern suggests that newly synthesized albumin molecules still bind to the rER membrane after vectorial discharge, whereas albumin-negative segments are occupied by proteins other than albumin and that the rER membrane regions bound to the albumin molecules can move laterally to other parts of the ER and form transitional elements. The latter are located not only in the area facing the cis side of the Golgi complex (28) , but in other areas such as the terminal dilatations. If the lipid flow known in the cell membranes (6) also occurs in the ER membrane, then this movement of albumin molecules to the transitional elements might be compared to the formation of coated pits in the plasma membrane that takes place during receptor-mediated endocytosis on the cell surface (18, 41) .
According to the evolutionary theory of the intracellular membrane system (4), the rER membrane can be compared with the plasma membrane. Therefore, lipid flow to a particular focus, such as the coated pits, also should take place for the rER membrane. If so, the formation of transitional vesicles could be mediated by a binding factor (probably a receptor) for albumin that is localized on the luminal surface of the rER membrane (24) . This would function as the first condensing process for albumin in the secretory pathway because it is generally accepted that the coated pits act as a molecular filter, selecting some proteins and excluding others (7) .
If newly synthesized proteins could move freely by diffusion within the lumen of (Fig. 3, 4, 5) . Secretion granules were frequent in the cytoplasm near the plasma membrane on the sinusoidal surface, and their number increased markedly in the cytoplasm after the administration of colchcine (Yokota and Fahimi, in preparation). Thus, albumin appears to be transported in hepatocytes in a manner similar to that established for pancreatic exocrine cells (28, 39) . But, the accumulation of secretion granules in the cytoplasm, which is seen in pancreatic acinar cells, does not take place with albumin in hepatocytes under normal conditions. Therefore, condensation of the secretion products must occur earlier, probably during the transport from the ER to the secretion granules. This probability is supported by the fact that the staining intensity, which reflects the concentration of albumin is greater in this direction. In cells that accumulate cytochemically demonstrable secretory proteins such as parotid gland cells (21) , eosinophilic leukocytes (2), and lacrimal gland cells (20) , a less intense staining in the stacked cisterna of the Golgi complex than in the secretory granules, which is also surprisingly lower than in the cisterna of the ER, seems to be characteristic. This suggests that a different condensing process operates in hepatocytes than in the cells cited above. In hepatocytes, it should be noted that newly synthesized secretory proteins are not stored for long periods; they are secreted continuously. Therefore, it is probable that the condensing process in the hepatocyte differs from that in secretory cells which first accumulate then discharge their secretory products when there are suitable stimuli.
